Group III metabotropic glutamate receptors (mGluRs) are involved in nociceptive transmission in the spinal 27 cord. However, the cellular mechanism underlying the modulation of synaptic transmission from nociceptive 28 primary afferents to dorsal horn neurons by group III mGluRs has yet to be explored. In this study, we used 29 transgenic mice expressing enhanced green fluorescent protein (EGFP) under the control of the GAD65 30 promoter to identify specific subpopulations of GABAergic inhibitory interneurons. By GABA immunolabeling, 31
INTRODUCTION 49
Metabotropic glutamate receptors (mGluRs), which participate in nociceptive processing, are emerging as 50 However, the cell type-specific and primary afferent-dependent roles of group III mGluRs in the spinal dorsal 64
horn have yet to be well defined. 65
The superficial dorsal horn (laminae I-II) of the spinal cord is a critical site for transmission and modulation 66 of nociceptive information from the periphery to the brain (Light and Perl 1979). Superficial dorsal horn 67 neurons receive Aδ and /or C primary afferent inputs, and they form a complicated intrinsic circuit. Aδ In this study, we used transgenic mice, expressing EGFP under the control of the GAD65 promoter, to 88 specifically label GAD 65-expressing inhibitory neurons. This has enabled us to compare the effects of group III 89 mGluRs on excitatory synaptic transmission in EGFP-expressing neurons and non-EGFP-expressing neurons. 90
Our data indicated that GAD65-EGFP-expressing inhibitory neurons have distinct physiological properties 91 when compared to non-EGFP-expressing neurons. Activation of group III mGluRs attenuated the Aδ primary 92 afferent-mediated excitatory synaptic transmission in both neuron groups to a similar extent, but did not affect Transverse spinal cord slices (500-600 μm thickness) of the attached L4 or L5 dorsal roots were prepared using 108 a Microm HM 650V vibratome (Microm, Germany) and they were incubated, at 34° C for 30 min. 109
The slice was transferred to the recording chamber and continuously superfused with recording solution, at a 110 rate of 3-4 ml/min. The recording solution was consisted of the following (in mM): NaCl,127; KCl, 1.8; 111 KH 2 PO 4 , 1.2; CaCl 2 , 2.4; MgSO 4 , 1.3; NaHCO 3 , 26; glucose, 15, oxygenated with 95% O 2 and 5% CO 2 , at a pH 112 of 7.35-7.45 and an osmolarity of 300-310 mOsmol −1 . Recordings were performed at 32° C. We identified the 113 substantia gelatinosa (lamina II, SG) as a translucent band across the dorsal horn, visualized with an Olympus 114 BX 50WI microscope (Olympus Optical, Tokyo, Japan). EGFP-and non-EGFP-expressing neurons in SG were 115 distinguished by epifluorescence and recorded in the whole cell patch clamp configuration. Glass pipettes (3-5 116 MΩ) were filled with internal solution, consisting of the following (in mM): K gluconate, 120; KCl, 10; MgATP, 117 2; NaGTP, 0.5; HEPES, 20; EGTA, 0.5; phosphocreatine di(tris) salt, 10, at a pH of 7.29 and an osmolarity of 118 300 mOsmol −1 . In some experiments, a general G-protein inhibitor, GDP-beta-S (1 mM), was added into the 119 internal solution to block the post-synaptic signaling. All data were acquired using an EPC-9 patch-clamp 120 amplifier and Pulse software (HEKA, Germany), and the signals were filtered at 2 kHz. The resting membrane 121 potential (RMP) was determined immediately after cell membrane rupture. Liquid junction potentials were not 122
corrected. Firing patterns were tested based on that described by Heinke et al. 
Distribution of the EGFP-expressing neurons in the spinal cord of GAD65-EGFP transgenic mice 179
We used GAD65-EGFP transgenic mice to identify the GABAergic inhibitory interneurons via EGFP 180 expression. GAD65-EGFP-expressing neurons were highly distributed in laminae I-III and moderately 181 distributed in laminae IV-VI and X ( Figure 1A Next, we examined whether there were differences in the passive and active membrane properties of EGFP-212 and non-EGFP-expressing neurons (Table 1) . We found that EGFP-expressing neurons exhibited more 213 hyperpolarized resting membrane potentials than non-EGFP-expressing neurons. Membrane capacitances of 214 EGFP-expressing neurons were larger than those of non-EGFP-expressing neurons. EGFP-expressing neurons 215 9 displayed more negative voltage thresholds and smaller rheobase for action potential generation than non-216 EGFP-expressing neurons. Also, action potential heights in EGFP-expressing neurons were higher than in non-217 EGFP-expressing neurons. Finally, in voltage clamp mode, a larger proportion of non-EGFP-expressing neurons 218 exhibited voltage-dependent, rapidly activating and inactivating outward K A currents than EGFP-expressing 219 neurons ( Figure 3A 
Effects of group III mGluRs on excitatory synaptic transmission in EGFP-and non-EGFP-expressing neurons 232
To demonstrate the action of group III mGluRs on synaptic transmission, we examined the effects of a selective 233 group III mGluR agonist, L-AP4, on the dorsal root-evoked EPSCs in GAD65-EGFP transgenic mice. 234
Recordings were made, as before, from EGFP-and non-EGFP-expressing neurons, located in SG of spinal cord 235 slices. Monosynaptic EPSCs were chosen for our investigation. In the EGFP-expressing neurons, L-AP4 (20 236 μM) application transiently reduced the amplitude of the Aδ fiber-evoked EPSCs (to 58.6 ± 7.9 % of control, P 237 < 0.05, n = 11, Figure 5A ), and the paired pulse ratio (PPR) was increased concomitantly (to 163.9 ± 28.8 % of 238 control, P < 0.05). In one exceptional neuron, the depression of Aδ fiber-evoked EPSCs amplitude by L-AP4 239 was persisted more than 30 min after washout (data not shown). Similarly, L-AP4 reversibly attenuated the 240 amplitude of Aδ fiber-evoked EPSCs in the non-EGFP-expressing neurons (to 59.4 ± 6.3 % of control, P < 0.05, 241 n = 9, Figure 5B ), and the PPR was also increased slightly (to 136.5 ± 23.0 % of control, P > 0.05). During L-242 AP4 application, L-AP4 did not produce significant postsynaptic currents in these two groups of neurons (data 243 10 not shown), indicating the effects of L-AP4 are through a presynaptic mechanism. In contrast to Aδ fiber-evoked 244
EPSCs, the amplitude of C fiber-evoked EPSCs was unaffected by L-AP4 in either EGFP-expressing (to 245 91.0 ± 4.4 % of control, P > 0.05, n = 6, Figure 5C ) or non-EGFP-expressing neurons (to 95.8 ± 4.8 % of 246 control, P > 0.05, n = 5, Figure 5D ), except for in one EGFP-expressing neurons, which potentiated transiently 247 by L-AP4 (data not shown). The effects of L-AP4 on both Aδ and C fiber-evoked EPSCs were not significantly 248 different in both groups of neurons (P > 0.05; Figure 5E ), which suggests that this modulation is specific to the 249 type of primary afferents but not to the type of target neurons. 250
Pre-application of the group III mGluR antagonist, CPPG, abolished the effects of L-AP4, confirming that 251 this mechanism requires group III mGluRs ( Figure 6A and B) . To further investigate if the mechanism of group 252 III mGluR mediated depression is expressed presynaptically or postsynaptically, we applied a general G-protein 253
inhibitor, GDP-beta-S (1 mM) via the patch pipette. In these recordings, L-AP4 still depressed the amplitude of 254 the Aδ fiber-evoked EPSCs (to 40.7 ± 6.7 % of control n=5), and these depression were not significantly 255 different with recordings where control K-gluconate internal solution was used (p > 0.05, Figure 6A to 85.5 ± 5.5 % of control, n = 12; 1 µM L-AP4 + 30 µM PHCCC, to 89.1 ± 3.6 % of control, n = 6; P > 0.05; 269 Figure 7B ). Then, we tested the effect of the specific mGluR7 allosteric agonist, AMN082, which produced a 270 transient and reversible inhibition of Aδ fiber-evoked EPSCs amplitude in a few neurons (to 90.8 ± 4 % of 271 11 control, P < 0.05, n = 16, Figure 7C In this study, we investigated the physiological properties of EGFP-expressing GABAergic neurons in SG of the 276 spinal cord, using GAD65-EGFP transgenic mice. EGFP-expressing neurons exhibited significantly different 277 characteristics, compared to non-EGFP-expressing neurons, in terms of firing patterns, membrane properties, 278 and primary afferent input properties. Activation of the group III mGluRs by L-AP4, transiently diminished the 279 amplitude of Aδ fiber-evoked EPSCs, but did not induce notable changes in the amplitude of C fiber-evoked 280
EPSCs. In addition, the inhibitory effects of L-AP4 did not differ significantly between EGFP-and non-EGFP-281 expressing neurons. This indicates that the modulation of group III mGluRs is not dependent on the type of 282 interneurons in SG, but it is dependent on the type of primary afferent inputs to the target neurons. 283
284

Physiological properties of GAD65-EGFP-expressing neurons 285
In these GAD65-EGFP transgenic mice, firing patterns between EGFP-expressing and non-EGFP-expressing 286 58.6 ± 7.9 % of control, P < 0.05, n = 11). Paired pulse ratio (PPR) also increased (P < 0.05; gray trace, control; 599 
